ABSTRACT -This work was carried out in order to evaluate the susceptibility to ALS-inhibiting herbicides of the Brazilian biotype of glyphosate-resistant A. palmeri, considering different chemical groups. For that, four experiments were performed, each with one of the following herbicides: glyphosate, chlorimuron-ethyl, cloransulan-methyl and imazethapyr. In each trial, treatments were organized according to a 2x8 factorial scheme, in which two were the species of Amaranthus (A. palmeri and A. spinosus) and eight were the herbicide rates (16D, 8D, 4D, 2D, D, 1/2D, 1/4D and herbicide absence; being D the commercial rate of each product). For glyphosate, D = 720 g a.e. ha ; for imazethapyr, D = 100 g ha -1
RESUMO -Este trabalho foi desenvolvido com o objetivo de avaliar a suscetibilidade do biótipo brasileiro de
; para chlorimuron-ethyl, D = 20 g ha -1 ; para cloransulan-methyl, D = 30 g ha -1 ; e para imazethapyr, D = 100 g ha -1 . Não foi aplicado glyphosate sobre A. spinosus.
Em todos os experimentos, os biótipos de A. palmeri tiveram baixa suscetibilidade aos herbicidas, de modo que se pôde concluir tratar-se de um caso de resistência múltipla aos inibidores da EPSPs e ALS. Ainda, considerando somente os inibidores da ALS, conclui-se que o biótipo possui resistência cruzada às sulfonilureias -triazolopirimidinasimidazolinonas.

INTRODUCTION
Among weeds more commonly found in agriculture the ones classified as Amaranthus (pigweeds) genus are those that stand out, represented by around 60 species, and approximately 20 from those are important as weeds (Kissmann and Groth, 1999) . In Brazil, there are around 10 species of this genus with agricultural importance, the doi: 10.1590/S0100-83582016340300019 following standing out: A. deflexus, A. hybridus, A. lividus, A. retroflexus, A. spinosus and A. viridis (Carvalho et al., 2008) .
The Brazilian Amaranthus species have annual life cycle, reproduce exclusively by seeds and, generally, are difficult to visually differentiate among the species, especially as seedlings. In the agricultural areas, they can be considered as difficult management plants due to the extended emergency period, to the fast growth and long viability of their seed bank (Horak and Loughin, 2000) . Yet, a large sized plant can produce more than 200,000 seeds (Kissmann and Groth, 1999; Lorenzi, 2000) . They compete with the agricultural crops for water, light and nutrients; reduce the amount and quality of the harvested product; and, especially the large-sized species, interfere in the harvest procedures (Klingaman and Oliver, 1994; Knezevic et al., 1997; Rowland et al., 1999; Carvalho and Christoffoleti, 2008) .
However, recently, Andrade Junior et al. (2015) identified Palmer amaranth (A. palmeri) for the first time in Brazil, in the cotton northcentral region of the state of Mato Grosso, in areas where cotton, soybeans and corn are grown in rotation. Palmer amaranth comes from the arid regions of the South-Central of the United States of America (USA) and the north of Mexico, appearing in several countries. In recent years, this species has become the main weed in cotton areas in the USA, due to its biologic characteristics and resistance to herbicides of different action mechanisms (Ward et al., 2013) .
Palmer amaranth is dioecious, which means that, in a population, part of the plants will only have female flowers ("female" plants) and the other part will only have male flowers ("male" plants), where seeds will only be produced by female flowers (Ward et al., 2013) . This characteristic enables the identification of A. palmeri in the field, once the other species of amaranth that are important for Brazilian agriculture have male and female flowers in the same plant, being classified as monoecious.
In a paper done to verify susceptibility of A. palmeri to glyphosate in Brazil, the same population that was also used in the present paper, Carvalho et al. (2015) saw that this is a glyphosate resistant population and it demands dosages above 4,500 g a.e. ha -1 in order to reach DL 80 , which are economically and environmentally unfeasible.
In the USA, in addition to glyphosate, there are reports of Palmer amaranth populations resistant to other action mechanisms, such as ALS inhibitors, HPPD inhibitors, tubulin synthesis inhibitors (mitosis) and photosystem II inhibitors (FSII). The management of these populations becomes even more complex, especially for the populations with multiple resistance, which has been reported for two or three of these action mechanisms: ALS/ glyphosate, ALS/glyphosate/FSII and ALS/ FSII/HPPD (Beckie and Tardif, 2012; Ward et al., 2013; Heap, 2016) . Besides the USA borders, there have been reports of A. palmeri resistant to ALS inhibitors in Israel (Heap, 2016) and EPSPs inhibitors in Argentina (Morichetti, 2013) .
The ALS inhibitor herbicides can be used in pre-emergence or post-emergence in the control of glyphosate-resistant weeds in Brazil (Nicolai et al., 2008) . Likewise, herbicides with this action mechanism have been used successfully in the control of A. palmeri resistant to glyphosate in the USA (Wise et al., 2009; Mohseni-Moghadam et al., 2013) , which could possibly be an alternative to the control of resistant A. palmeri in Brazil.
Therefore, this work was developed with the objective of assessing the susceptibility of the Brazilian biotype of A. palmeri, considered resistant to glyphosate, to ALS inhibiting herbicides from different chemical groups. Simultaneously, two populations of amaranth were evaluated, one of A. palmeri and one of A. spinosus (susceptible). The seeds of A. palmeri were the same that were used in the research developed by Carvalho et al. (2015) ; therefore, this population is proven to be resistant to glyphosate, while the seeds of A. spinosus were collected in the state of Mato Grosso.
MATERIAL AND METHODS
Four
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For the installation of the experiments, seeds were distributed in excess in rectangular plastic boxes, with capacity for 2.0 L of commercial substrate (peel of Pinus, peat and vermiculite) and vermiculite (3:1; v:v). In the vegetative development stage of completely expanded cotyledons, that is, stage 10 (Hess et al., 1997), seedlings were transplanted into plastic pots with capacity for 1.0 L. filled with the same substrate mixture, where they remained until the end of the experiment, in an average density of three plants per pot.
The susceptibility of the populations was quantified by dose response curves. All the experiments were installed in an experimental design of randomized blocks with five replicates. For each herbicide studied (Table 1) , treatments were organized in a 2 x 8 factorial design, in which two were the species of Amaranthus (A. palmeri and A. spinosus) and eight were the herbicide doses, namely: 16D, 8D, 4D, 2D, D, 1/2D, 1/4D and absence of herbicide, D being the maximum commercial dose indicated on the label of each product (Table 1) . Glyphosate was not applied on A. spinosus. 50% of the population) and GR 50 (growth reduction by 50%) are the dosages of herbicides that provide 50% of control or reduction of the weed mass, respectively (Christoffoleti, 2002; Christoffoleti and López-Ovejero, 2004) . Although one of the parameters of the logistic model is an estimate of DL 50 , its mathematical calculation was also made through an inverse equation, according to the discussion proposed by Carvalho et al. (2005) .
RESULTS AND DISCUSSION
Low sensitivity was detected in the biotype of Amaranthus palmeri to all the herbicides assessed. In some cases, it was not possible to discriminate the necessary doses to obtain 50% of control or reduction of the dry matter. This difficulty was even more frequent for the obtaining of doses of 80% control or reduction of dry matter (Table 2 ).
This Palmer amaranth population is known to be resistant to glyphosate (Carvalho et al., 2015) , which was proven again in this paper. Considering the percentage control or dry matter, an average dosage of 8,500 g ha -1
of glyphosate was necessary to obtain DL 50 or GR 50 . It was not possible to estimate the necessary dosage to obtain DL 80 or GR 80 , seeing that the demand was superior to the higher dosage used in the experiment (Table 2 ; Figure 1 ), that is, above 11,520 g a.e. ha -1
. These values corroborate the report of resistance in the population to glyphosate and justify the need to evaluate alternative herbicides for the control of this species, such as ALS inhibitors. Worldwide, there are currently 50 reported cases of A. palmeri resistant to herbicides, of several action mechanisms, including cases of multiple resistance involving EPSPs-ALS inhibiting herbicides (Heap, 2016) .
Low herbicide sensitivity of A. palmeri was evident for ALS inhibitors as well, especially after comparing with the species A. spinosus, which had very high susceptibility and validated the sprays properly (Table 2 ). In the case of chlorimuron-ethyl, for instance, was enough to control A. spinosus above 80%. However, in the case of A. palmeri, it was not possible to estimate DL 80 or GR 80 , seeing that the demanded rate was above 320 g ha -1 of chlorimuron, that is, A. spinosus has high sensitivity to the molecule, while A. palmeri is insensitive to the same herbicide, considering commercial doses and the same spraying conditions (Table 2; Figure 2 ). of this herbicide (chlorimuron-ethyl), reaching mass reduction of 64% in relation to the check plots without treatment.
As for the Brazilian biotypes of Amaranthus, the same response pattern observed for chlorimuron was kept for cloransulanmethyl and imazethapyr, considering high susceptibility of A. spinosus and very low sensitivity of A. palmeri (Figures 3 and 4) . In a previous report, Andrade Júnior et al. (2015) made comments on the low sensitivity of the A. palmeri population to glyphosate and also to ALS inhibitors. These authors already considered the possibility of multiple resistance to glyphosate -ALS, but that still needed scientific proof.
The species A. palmeri and A. spinosus share a common ancestral, more than other species of amaranth, seeing that they have the same number of chromosomes (2n=34), pollen grain morphological similarities (Franssen et al., 2001 ) and similarities in the genome size (Rayburn et al., 2005) . Moreover, A. palmeri and A. spinosus were classified as sisters by the analysis of the phylogenetic rate, once all the other studied rates for other species of Amaranthus were excluded, which indicates that other species of amaranth are more distant from A. palmeri and A. spinosus (Wassom and Tranel, 2005; Riggins et al., 2010) .
In the evaluation of the different ALS inhibitor herbicides belonging to three different chemical groups -sulphonylurea (chlorimuron-ethyl), triazolopyrimidine (cloransulan-methyl) and imidazolinone (imazethapyr) -, none of the herbicides evaluated was able to appropriately control the population of A. palmeri. It was not possible, at least, to estimate DL 80 or GR 80 even using doses 16 times higher than the ones commercially recommended of the products (Rodrigues and Almeida, 2011) , showing the insensitivity to the molecules (Table 2; Figures 2, 3 and 4) .
In Brazil, until now, a biotype of A. palmeri susceptible to glyphosate or ALS inhibitors has not been identified in order to enable scientific comparison of the DL 50 and GR 50 values. However, from the values identified on Table  2 , it is possible to affirm that it is a population with multiple resistance to EPSPs and ALS inhibitors. Also, considering only the ALS inhibiting herbicides, this population has cross-resistance among sulfonylureastriazolopyrimidines -imidazolinones.
In that sense, recommendations of herbicides based on EPSPs and ALS inhibitors should be avoided for the control of A. palmeri identified in areas of Mato Grosso. Therefore, new management alternatives must be evaluated, including photosystems I and II inhibitors, auxin-mimetic herbicides, PROTOX inhibitors and carotenoid synthesis inhibitors.
